Purpose : To determine the diagnositic value of multi-shot echo-planar MR imaging (EPI) in focal hepatic lesions by quantitatively comparing this with other standard MR sequences such as FSE (fast spin echo) T2WI, SE (spin echo) T1 WI with and without Gd enhancement, FMPSPGR (fast multiplanar spoiled GRASS) with and without Gd enhancement Materials and Methods : Seventeen patients with 18 focal hepatic lesions were retrospectively reviewed by two abdominal radiologists. The pathologicaI or clinical results ofhepatic lesions were nine cases ofhemangioma, four ofhepatocellular carcinoma, one of peripheral cholangiocarcinoma, one of simple cyst, and of hemangioma. By dividing the data acquisition period into eight interleaved segments, multi-shot EPI images were obtained. This T2W spin echo eight-shot EPIs of the liver in one 18 second breath hold was compared with other pulse sequences. The foci of review were lesion detectablity and characterization. For the former, SNR (signal to noise ratio) ofthe liver and CNR (contrast to noise ratio) of the lesion to the liver were calculated ; to evaluate the latter, a separate calculation of lesion to liver CNR for each solid and nonsolid lesion group was performed .
Among six pulse sequences, there was no statistically significant difference in lesion to liver CNR in solid lesions. In the evaluation of liver to lesion CNR, multi-shot EPI was always inferior to FSE.
Conclusion : We concluded that with regard to sensitivity and suseptibility, multi-shot EPI is inferior to T2W FSE. For SNR, EPI was the least satisfactory, though with the exception ofFSE, EPI provided a higher or comparable CNR than other pulse sequences, and this made lesion depiction easy, especially in nonsolid lesions. It was, however, difficult to characterize lesions by using EPI alone to determine whether a lesion was solid or nonsolid . Echoplanar MR imaging (EPI) is a fast imaging technique that a110ws collecion of all the data reqωred to reconstruct an image in an interval as short as the duration of a single readout period (about 30 -100msec) (1) . With image acquisition times in the order ofl/lO of a second or less, EPI represents the fastest clinically useful imaging technique(l). Although EPI may be important in the examination of organs in whïch artifacts due to gross physiologic motion are present (2) , most clinical application is limited by poor imaging quality (3) as we11 as the apparent need for a costly high-power gradient system (4) . In the abdomen, problems associated with poor imaging quality arise from the susceptibility artifact caused by air containing bowel and lung, and the chemical shift artifact caused by incomplete fat saturation. The purpose of this study was to quantitatively compare multi-shot EPI with other standard MR imaging modalities including conventional fast spin echo(FSE), spin echo(SE), fast muItiplanar spoiled gradient echo(FMPSPGR), gadolinium enhanced spin echo( Gd-SE), and gadolinium enhanced fast muItiplanar spoiled gradient echo(Gd-FMPSPGR).
Materials and Methods
EPI MR imaging MR imaging was performed on a 1.5 T su percond ucting scanner(Signa: General Electric, Milwaukee, Wis). The system provides a maximum gradient strength of 23 mT /m, with a peak slew rate of 77 mT /m/msec and rise time of 300 psec. Eight excitation images providing higher spatial resolution were obtained using a spin-echo pulse sequence with a data matrix of 256 (phase) X 128(frequency) providing a plane resolution of 1. 2X 1. 8mm for a 32X 24cm(phaseXfrequency) field of view (n=7) and 1. 4 X 2.1 mm for 37 X 27 cm (n=4). Delay between excitation was set at 2 sec and effective TR values of 2000 msec were obtained ; the corresponding effective TE values were 60msec and 40 msec. We defined scan time as the time taken to acquire a complete set ofaxial abdominal images with a given TE. With an 18 sec scan time, EPI was performed in the muIti-slice mode, and a predesignated number of images were obtained within this operator specified scan time. The acquisition of 15 -19 slices invol ved an eight-excitation spin echo pulse sequence, using an 8 mm slice thickness and a 2mm interslice gap. This 35 cm cephalocaudal coverage of the entire liver was performed in a breath-hold scan time of 18 sec. In a11 patients, image registration was ensured by instructing patients to breathe in a reproducible manner, and all imaging was done at end-expiration. All images were displayed within 30 sec ofthe end of each scan, and image reconstruction was thus very rapid.
Image Analysis
Eight-shot EPI images of 18 focal hepatic lesions in 17 patients were retrospectively analysed. We included two focal hepatic lesions in one patient with both hemangioma and simple cyst. Pathologica11y and clinica11y, nine hepatic lesions were shown to be hemangiomas, four were hepatocellular carcinomas, and one was a peripheral cholangiocarcinoma; two cases involved metastasis and two were simple cysts. The hemangioma and simple hepatic cysts were confirmed by clinical follow up, while solid lesions were pathologically characterized as follows : four hepatocellular carcinomas by needle biopsy in three cases, and a significantly high level of alpha feto protein in one case. One cholangiocarcinoma was demonstrated by needle biopsy plus clinical data, and two metastases by needle biopsy plus the presence of primary foci. A11 pulse sequences except nine unenhanced FMPSPGR, obtained as coronal images, were obtained as axial 
Fig. 2. Comparison of (A) eight-shot spin echo EPI, (8) T2 weighted FSE, (C) FMPSPGR, (0) SE, (E) Gd-FMPSPGR, (F)
Gd-SE images obtained in a 36-year-old male with a small hemangioma (arrow in FMPSPGR) in segment 5 near the gall bladder. This nonsolid lesion is depicted better with EPI than FMPSPGR, SE, and Gd SE. As liver signal nulls in FSE, the CNR of FSE is higher than that ofEPI.
J Korean Radi이 S∞ 1998; 38:491-496 ults of liver SNR, lesion-liver CNR and spleen-liver CNR are shown in Table 1 . A quantitative assessment of lesion to liver CNR in solid and non solid lesions is summarized in Table 2 . Clinical examples are shown in Figs 1 -4 .
EP1 provided the poorest liver SNR(p < .01), but a higher spleen to liver CNR (p < .01) than any other pulse sequences. 1n lesion to liver CNR, EP1 was superior to FMPSPGR, SE, and Gd enhanced SE (p < .01) but inferior to FSE and Gd enhanced FMPSPGR(p < .01).
When assessing the value of CNR for the differentiation of solid and non solid lesions, this proved to be inferior to FSE and Gd FMPSPGR(p < .05). Comparsion of lesion to liver CNR for a solid mass showed no statistical significance(p ) .05).
With regard to lesion to liver CNR, EP1 was always inferior to FSE, which is the only comparable T2W1 among the six pulse sequences.
Discussion
Although high quality Tl weighted images of the upper abdomen can be acquired during a breath hold using spoiled GRE (gradient recalled echo) sequences (5), dephasing caused by field heterogeneity tends to accelerate the rate of decay of transeverse magnetizat1on(T2tGRE sequences(L 6). T2(we1ghted imaging is, however, essential for the detection and characterization of focalliver lesions (7, 8) . An inherently long image acquisition time and image degradation (including ghost artifacts and lesion blurring) due to gross physiologic motion are, however, limitations of conventional T2-weighted SE sequences. To decrease motion artifacts with SE acquisitions, a variety of approaches has been adopted, but application ofthease techniques has been only minimally successful. Recently with the use of improved gradient systems, breath-hold T2-weighted fast SE sequences can be implemented with shorter interecho spacing, thus allowing the use of a longer echo train, minimizing susceptibility artifact, and reducing image filtering due to T2 relaxation (3) . With regard to EP1, long TE echo-plan값 MR imaging has been studied for clinical capability. However, with single-shot EPI, resolution is limited due to T2* decay during the readout window (9) , because data are collected during free-induction decay , data lines acquired beyond the tissue-T2* decay time contain little signal inten sity (6) .
Finally it is proposed that EP1 can also be obtained using a multi-shot acquisition sequence implemented with conventional gradient coils and gradient amplifiers ( 4, 10) . Gaa, et al(3) , however, stated that multi-shot EP1 is less sensitive and susceptible than those obtained by breath-hold, FSE. 1n our study, multi-shot EP1 was inferior to FSE T2 weighted images in lesion to liver CNR and liver SNR.
It is known that a potential application of echoplanar pulse sequences is rapid lesion characterization of the basis of T2 calculations. For the classification of lesions as solid (eg, metastasis, hepatocellular carcinoma) or nonsolid(eg, cysts and hemangiomas), a previous study concluded that EP1 is very accurate(ll). The high accuracy of lesion characterization obtained by the use of EP1 is believed to be due to the abscence of motion related artifacts, the ability to obtain purely T2-weighted images, and the use of multiple data points to calculate T2 relaxation times. 1n our study, lesion to liver CNR of multi-shot EP1 of nonsolid lesions (cysts, hemangiomas) was superior to FMPSPGR, SE, and Gd-SE. Among six pulse sequences, however, the differences of calculated lesion to liver CNR for solid lesions were proved to be statistically insignificant. It thus appears that multi-shot EP1 might be valuable for detecting the presence of nonsolid hepatic lesions . Moreover, because EP1 is insensitive to the signal intensity variation caused by the through-plane motion of unsaturated spins, characterization of smalllesions smaller than 2.0cm is known to be useful( ll). 1n this study, however, it was difficult to characterize lesions by using EP1 to determine whether a lesion was solid or nonsolid.
The limitations ofthis study are as follows : first, the included number of cases is rather limited, since a busy practical situation does not always allow us to perform all the variable pulse sequences. Though, further extensive comparative studies for EP1 and other pulse sequences should be performed; second, nine cases of FMPSPGR imaging were performed by coronal rather than axial scanning. 1t was not difficult to obtain CNR and SNR data by coronal imaging but was unnatural to use the naked eye to compare those with axial images.
1n conclusion, multi-shot EP1 provided the poorest anatomic definition, and SNR was low. Lesion-to-liver EP1 contrast was lower than that of FSE or GD FMPSPGR, but was comparable or superior to that of SE, Gd SE and FMPSPGR. To detect the presence ofnon solid lesions, EP1 was valu
